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MARINE GEOPHYSICAL INVESTIGATION
In Support Of The
SAN FRANCISCO BAY ROCKSREMOVAL PROJECT

1. INTRODUCTION

This report presents the results of a marine geophysical investigation conducted by Sea Surveyor,
Inc. for the U.S. Army Corps of Engineers, San Francisco District under Contract No. DACWO7-
98-D-0002. During Fal 2000, Sea Surveyor conducted an intensive geophysical investigation at
five (5) offshore dtesin Centrd San Francisco Bay, Cdifornia Thefive offshore Stesare
underwater geologic festures located near the designated ship navigation lanes (Figure 1-1).

Four (4) of the 5 underwater geologic features are bedrock outcrops known as Blossom Rock,
Harding Rock, Shag Rocks and Arch Rock. These underwater rock masses extend above -40'
elevation, as referenced to the mean lower low water (MLLW) vertical datum, and pose a
potential hazard to deep draft shipping.

In generd terms, Blossom Rock is located near the North Point of San Francisco, while the other
3 underwater rocks create a 4,000'-wide crescent- shaped navigation hazard west of Alcatraz
Idand facing the Golden Gate. These three underwater rocks include Harding Rock on the
northwest end, Shag Rocks in the middle, and Arch Rock to the southeast. When combined with
Alcatraz Idand, these underwater rocks create a 9,000'-wide (1.7 mile) barrier to deep draft
shipping 2-miles east of the Golden Gate in San Francisco Bay.

Thefifth Ste surveyed by this geophysica investigation is a unique underwater geologica

feature located about a hdf-mile closer to the Golden Gate than the crescent formed by Harding
Rock, Shag Rocks, and Arch Rock. Nautical Chart #18649 reports this area to be less than 50
deep. The Stewas origindly caled "Unnamed Rock", but after reviewing the geophysical data,
this Report proposes that the name "Golden Gate Mound" is more gppropriate for this unique
underwater geologica fegture.

Higtorically, underwater rocks in Central San Francisco Bay have been problematic to navigation
since the British Navy doop "Blossom’ encountered Blossom Rock in 1826 (Allan, 2001).

There have been past efforts to iminate the hazards to navigation created by these underwater
geologic features. Blossom Rock, Harding Rock, Arch Rock and Shag Rocks have higtoricaly
had their tops removed by underwater blasting. During the period from 1867 to 1869, Blossom
Rock was reduced from gpproximate elevation of -5 MLLW to -24' MLLW. At the beginning of
the 1900's, Blossom Rock, Arch Rock, and Shag Rocks had their tops removed to a depth below
-30' MLLW. Againinthe 1930's, Arch Rock and Shag Rocks had their tops removed to a depth
below -35' MLLW and Blossom Rock was lowered to -40' MLLW. In 1932, Harding Rock had
itstop lowered by blasting to below -35 MLLW.
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Recently, the Harbor Safety Committee declared these submerged rocks to be a hazard to deep
draft ship traffic. The Committee recommends the lowering or remova of the rocks to decrease
the possible threat of amgor oil spill in Centra San Francisco Bay. The Harbor Sefety

Committee is comprised of representatives from government, industry, recreetion, economic, and
environmenta groups/agencies as mandated by the State Oil Spill Prevention and Response Act.

In support of the Harbor Safety Committee's recommendation to lower or remove these
submerged geologic features, the U.S. Army Corps of Engineers and Cdifornia State Lands
Commission funded this marine geophysicd investigation. The purpose of the Geophysica
Investigation is to map the rock formations for future rock- core borings and to characterize the
rock-mass materid properties for engineering analyses.

The marine geophysica investigation included four (4) separate surveys conducted during
September, October, and November 2000. The 4 individua surveys conducted at each of the 5
offshore gtesin San Francisco Bay included:

Side-scan sonar and single-beam hydrographic survey 18-22 September 2000
Multibeam hydrographic survey 16-20 October 2000
Saismic reflection (subbottom profiling) and refraction 2-5 October 2000
Marine magnetometer survey 1-3 November 2000

The schedule for the marine geophysica surveys coincided with the best annua environmenta
conditions for surveying in Centrd San Francisco Bay. Typicdly, the most favorable negp tides,
dow currents, and flat seasin Central San Francisco Bay occur every-other week during
September, October, and November. The scheduling of the geophysica investigation at bi-
monthly intervas dlowed the geophysica data to be collected during the most favorable annud
survey conditions

This report presents the results and conclusions from the marine geophysical survey. Section 2
describes the fidd survey methods, equipment, personnel, and anaytica techniques used to
collect and present the geophysical data. Section 3 discusses the quaity assurance/qudity
control (QA/QC) procedures used to ensure the accuracy of the geophysical data. Section 4
presents the results from the geophysica survey a each of the 5 offshore sites, and Section 6
provides the conclusions from the geophysical investigation. Section 7 is the bibliography, and
Section 8 contains compact disks (CD's) filled with the digital data and AutoCAD drawing files.

Separately-bound Appendices contain full-scale charts, side-scan mosaics, and three-dimensond
(3-D) perspectivesfor each offshore te. The full-sze charts are divided into five (5) separately-
bound appendlca one for each site investigated, including:

Appendix A: Blossom Rock

Appendix B: Harding Rock

Appendix C: Shag Rocks

Appendix D: Arch Rock

Appendix E: Golden Gate Mound
Each Appendlx has five charts, including: 1) Bathymetric contour chart at scale 1'=100' and
three 3-dimensiond perspective views, 2) Bathymetric contour chart at scale 1'=50" with
muitibeam soundings and contours at 5' intervas, 3) Side-scan mosaic at scale 1'=100', 4)
Sediment thickness (isopach) chart at scale 1"=100, and 5) Bedrock €l evation map referenced to
MLLW at scae 1'=100



2. FIELD SURVEY METHODS AND ANALYTICAL TECHNIQUES

This section contains a detailed description of the field survey methods, survey vessds and
equipment, computer software programs, personnel, and anaytical techniques used to collect and
process the marine geophysica data.

21SURVEY VESSELS

The use of aproper survey vessd is critical to the success of any marine survey. Sea Surveyor's
25 survey vessdl, BETTY JO, conducted the mgority of the geophysica surveys, including the
hydrographic, side-scan sonar, and marine magnetometer surveys. The 43 vessel DAVID
JOHNSTON conducted the seismic reflection (subbottom profiling) and refraction survey.

Thesurvey vessdl BETTY JO isa25' Faralon Whaeback (Figure 2-1) built in 1989 specificaly
for hydrographic surveying. The BETTY JO has an enclosed cabin with work tables and
equipment racks, which alows surveying in inclement weather. Onboard 1kw generators supply
electrical power. The BETTY JO complieswith dl U.S. Coast Guard safety regulations, and
receives an annual Coast Guard ingpection. The location of the GPS antenna on the roof of the
vess isdirectly above the fathometer transducer. The fathometer's 3-degree transducer is
located amid- ships (through the kedl) of the vessdl, near the center of rotation of the vessd. A
graph digplaying the results from the squat correction test conducted for the BETTY JO in
January of 1995 is aboard the vessdl, per Corps of Engineers specifications.

The survey vessel DAVID JOHNSTON (Figure 2-2) isa 43 vessel owned and operated by
University of Cdifornia, Santa Cruz. The DAVID JOHNSTON has aweatherproof cabin with
multiple built-in workbenches for the computers, monitors and seismic recorders. The vessdl has
transducer mounts, cable deployment systems, and a geophysical instrument laboratory
specificaly designed for conducting comprehensive marine geophysica investigetions. A built-

in 10kw generator supplies dectrica power aboard the vessel. The back deck of the DAVID
JOHNSTON is 10 x 19, which is ample for deploying the hydrophone arrays. The vessdl hasa
1-ton A-frame and winch at the stern.

22NAVIGATION AND HORIZONTAL CONTROL

Geophysicd data collected during this investigation is referenced to geographic coordinates

based on the Globa Pogtioning System (GPS) with differentid-corrections. Differentid GPS
alows sub-meter level accuraciesto be routingly obtained. The differential GPS navigation

system includes two (2) TRIMBLE Modd 4000-SSI GPS receivers, with one receiver aboard the
survey vessd and a second receiver (cdled the "base station) set over ahorizonta control
monument onshore. The onshore GPS base station caculates the differentia correction, and
transmits the correction to the survey vessd via aradio telemetry sysem. The TRIMBLE 4000-
SSl isthe most accurate GPS receiver available, and it is capable of determining the location of a
moving vessd within +1m accuracy as referenced to the GPS base station on shore.

The GPS base gation was set over one of two horizontal control monuments. For surveys at
Blossom Rock, the GPS base station was set over the horizonta control monument "MUNI-7"
located at the end of the Muni Pier in San Francisco, Cdlifornia. The Cdifornia State Zone 3
(NAD-83) coordinates for MUNI-7 is E6,005,761.7' N2,123,376.8' (Lat/Long: N37° 48'
38.56655" W122° 25' 28.07368"). For surveys at Harding Rock, Shag Rocks, Arch Rock, and
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Golden Gate Mound, the GPS base gtation was set over horizonta control point #3354. Control
Point #3354 is afirst-order horizontal monument established by BESTOR ENGINEERS, INC. at
the U.S. Coast Guard Station "Golden Gate' near the north end of the Golden Gate Bridge. The
Cdifornia State Zone 3 (NAD-83) coordinates for horizontal control point #3354 is
E5,991,879.4' N2,131,501.8' (Lat/Long: N37° 49' 56.02132" W122° 28' 23.16759").

CORPSCON, a coordinate conversion program developed by the U.S. Army Corps of Engineers,
was used to convert coordinates between latitude/longitude to Cdifornia State Plane and between
NAD-27 to NAD-83. Thefina soundings and dl charts presented in this report are referenced to
both the NAD-83 Cdlifornia State Coordinate System Zone 3 and NAD-83 |atitude/longitude.

Aboard the survey vessdl, a navigation computer uses one of two software programs to receive,
gore and display the navigation and sounding data. The multibeam hydrographic survey uses

the navigeation software program HYPACK for Windows Version 8.9. All other surveys used the
navigation software program TRIMBLE HYDRO. For both navigation software programs, the
computer displays the boat's location on the color CRT screen relative to a pre-plotted trackline.
The boat helmsman uses the graphica and digita navigation data as an aid to guide the vessd
aong the intended survey line.

Data recorded by the navigation computer include event number, date/time, adjusted position
coordinates, and uncorrected soundings. The navigation computer also records the qudity of the
differential GPS positions and other related observations.

The GPS receivers do not use any satdllites located |ess than ten degrees above the horizon in the
position computation. The hydrographic software continuously monitors and records the

horizonta dilution of precison (HDOP), and the software automatically hats the survey if the
HDOP exceeds 5.0. The GPS receivers also monitor the rate of the pseudo-range correctors used
for position computation, and stop the survey if the corrections are not received each second.

2.3 BATHYMETRY AND VERTICAL CONTROL
2.3.1 Tide Measurements and Corrections

All soundings collected during the geophysicd investigation are corrected for tides and other
vertical changesin the water surface. The water surface eevation was measured continuoudly at
three (3) separate locations (Figure 2-3) in Central San Francisco Bay. The soundings are
corrected for tides based on the average from the three tide gauges. All soundings are in feet and
represent the elevation below Mean Lower Low Water (MLLW) based on the 1960-1978 Tidd
Datum Epoch

Sea Surveyor, Inc. monitored tides at two (2) locations, and the National Oceanic and
Atmospheric Adminigtration (NOAA) monitored tides at one (1) location. Sea Surveyor
monitored tides a Horseshoe Cove and at the end of the San Francisco Municipa Pier. These 2
locations are equa distance (approximately 9,000 west and southeast, respectively) from the
survey areas. The tide gauge at Horseshoe Coveislocated at the US Coast Guard Station near
the north end of the Golden Gate Bridge, and is referenced to Benchmark BAKER (elevation
17.03 MLLW or 14.09' NGVD-29). Thetide gauge a the Municipa Pier is referenced to Tidal
Benchmark 56 (elevation 12.72' MLLW or 9.73 NGVD-29). The NOAA tide gauge a Presdio
provides data via the Internet that correlated the tide data collected at the other two locations by
Sea Surveyor, Inc.
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Two (2) CL pressure-sensing, interndly recording tide gauges monitored tides at Horseshoe
Cove and a the end of the Muni Fier. The CL tide gauge system consists of two pressure
sensors. The underwater pressure sensor records changes in the underwater pressure caused by
therising or fdling tide, and a second pressure sensor measures and corrects for changesin air
(amospheric) pressure. The tide gauges are calibrated twice daily during the hydrographic
surveys, and dl of the daily cdibraions are within +0.05' of the tide gauge measurements.

The tide gauges record water surface eevation at 5-minute intervas. Each tide gauge
measurement consists of the average of 240 separate water surface elevations recorded at half
second (0.5 second) intervals for 2 minutes at the beginning of each 5-minuteinterva. By
averaging the water surface elevation a haf second intervas for 2-minutes, the tide gauges can
filter out the effects of waves, wakes, and surge.

2.3.2 Single-Beam Hydrographic Survey

During the sde-scan sonar survey, an INNERSPACE Modd 448 survey-grade fathometer
measured water depths using a narrow-beam (3-degree) transducer operating at 200kHz. The
INNERSPACE fathometer records water depths digitdly by transmitting soundings 10-times
each second into the navigation computer. The navigation computer records soundingsto a
resolution of 0.1'. The fathometer aso creates a continuous stripchart recording of the water
depth. Figures 2-4 and 2-5 show the tracklines from the single-beam hydrographic survey.

Cdibration is one of the most critica factors in acquiring accurate sounding data. Calibration of
the fathometer occurs at the beginning and end of survey operations each day using the
"barcheck” procedure. The bar check procedure consists of lowering an acoustic target (a 12'-
diameter circular metal plate) through the boat's sonar hole usng a measured sounding line,
Adjustments to the speed-of-sound control cdibrate the fathometer so that the acoustic target
gopears on the digital display precisely at its known depth. After cdibrating the fathometer for
the maximum practical depth, the hydrographic surveyor raises the acoudtic target to shalower
depths, and records the cdibration readings at 5' intervals. The hydrographic data andysis
incorporates any variations between the echo sounder trace and the depth of the acoustic target,
which yidds maximum accuracy in the resulting depth measurements.

Dally post-survey "barcheck” cdibrations did not differ from pre-survey "barcheck” cdibrations
by morethan +0.1' at any of the 5' calibration intervals.

2.3.3 Multibeam Hydrographic Survey

Sea Surveyor, Inc. conducted a multibeam hydrographic survey of five areasin Central San
Francisco Bay. The objective of the multibeam sonar survey isto obtain a detailed full coverage
bathymetric survey of Arch Rock, Blossom Rock, Shag Rocks, Harding Rock, and Golden Gate
Mound. A 2-day mobilization period on October 16-17 provided time to cdibrate the multibeam
sonar and make quality assurance/quaity control (QA/QC) checks. The multibeam sonar
collected soundings dong over 27 miles of trackline on 18-20 October 2000 to map the
bathymetry of the five study aress.

The multibeam hydrographic survey used a RESON Seabat 8101 sonar mounted on the 25'
survey vessd BETTY JO (Figure 2-6). Motion sensors, located at different points on the vessd,
record the true motion of the sonar. The multibeam sonar system consists of the following
components:
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Multibeam Sonar: The RESON Seabat 8101 multibeam sonar consists of the transducer
head, an onboard processor, and a video monitor. The transducer mount is on the
garboard side of the vessdl. An interactive mouse uses the video monitor to adjust system
settings such as gain, power, and range. During data collection, the video monitor also
shows the acoustic Signal from each digitized sonar beam. Sesbat data rates vary
depending on the depth of measurement and baud rate of the serid line to the data
acquisition computer. During this survey, the system was producing between 6 and 7
swaths/'second providing 600 to 700 soundings/second. The range resolution of each
beam is 0.05'.

Heave, Pitch, and Roll Sensor: A TSS DM S05 motion sensor is used to monitor and
measure sonar roll (rotation port and starboard), pitch (rotation fore and aft), and heave
(vertical displacement) during data collection. The DM S05 interfaces to both the
Differentia Globd Pogtioning System (DGPS) and the SG Brown 1000S gyrocompass
to reduce heave error during vessel turns and speed changes. The sensor provides data at
arate of up to 32 Hz at 9600 baud transmit. Manufacturer specifications of accuracy
indude Roll/Atch Range = +50 degrees, Accuracy = +0.03 to 0.05 degrees
Heave: Range=+325', Accuracy = 0.2' or 5%, whichever is greater

Heading Sensor: The SG Brown 1000S gyrocompass monitors vessel and sonar yaw
(rotation about the Z-axis) during sonar data collection. High-resolution acoustic surveys
require a gyrocompass because of its accuracy (0.5 degree) and itsimmunity to varying
magnetic fidds. The SG Brown 1000S updates at arate of 2 Hz.

Speed of Sound M easurements. Sound velocity profiles of the water column were
recorded severd times dally usng a SEABIRD SBE-19 CTD (Conductivity, Temperature,
Depth) recorder. The SBE-19isasdf contained measurement device with interna
memory that caculates sound velocity (SV) using the ChenMillero equations from the
measured vaues of conductivity, temperature, and depth. The profiler records at 2 Hz as
it descends to the seafloor and rises back to the surface at arate of approximately
3/second. The resulting data represents SVsfor every 1.5' of water column.

Hydrographic Software: The navigation software Hypack for Windows version 8.9
records the multibeam soundings on a Pentium 533 MHz laptop PC. The laptop
computer acquires al multibeam system data (Seabat, motion sensor, gyrocompass, and
position) through a Quatec QSP-100 4-port PCMCIA card.

The multibeam hydrographic survey used Class 1 methods and accuracies outlined in the Army
Corps of Engineers HY DROGRAPHIC SURVEYING MANUAL (EM 1110-2-1003, October
1994). Figures 2-7 and 2-8 show the tracklines from the multibeam hydrographic survey
conducted on 16 to 20 October 2000. Initidly, the multibeam hydrographic survey vessal
collected soundings along tracklines spaced at nomina 200’ intervals. Spacing the survey lines

at 200 intervas provides extensive overlap in the deeper areas, but the shalower areas directly
over the rocks need additiona lines spaced a nomind 100" intervals to provide complete
coverage. In 100" water depths, the multibeam sonar has a swath width of approximately 350
(175 on each side of the vessdl), while the swath width is only gpproximately 120" in 35 water
depths directly over the rocks.

Sea Surveyor's experience is that the sonar beams at angles of less than 60 degrees port and
gtarboard collect the highest quality bathymetric data. This limits the swath coverage to
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gpproximately 3.5 times the water depth.  Sea states during the multibeam survey were dways
lessthan 2, and usudly lessthan 0.5'. In these conditions, the boat motion and position sensors
accurately measured and compensated dl heave, pitch, roll, and yaw motions experienced by the

sonar.

After completing the field survey, a hydrographic surveyor processed the multibeam soundings
usng Coastal Oceanographic's HY SWEEP Multibeam Processing and Editing Software. The
editing and computer processing of the soundings included the following steps:

1.

Sensor Alignment and Cdibration Adjustments: The critica roll offset calibration
was repested daily to account for dight variationsin the replacement of the motion
sensor. Results from each cdibration were gpplied to that survey day's results.

Inspection and editing of vessdl motion and position data: Satellite coverage and
position qualities were dependable throughout the survey. Good qudity GPS
navigation iswhen saven (7) or eight (8) satellites are visible and HDOP vaues are
lessthan 2.

Developing tide and sound velocity profile data files: Vertica profiles of sound
velocity showed consistent vertical gradients throughout the survey area each day.
Merging motion, position, and tide data with Seabat sounding data dong a common
time base.

Ed|t|ng sounding data manudly and/or autometicaly:

Fully resolved soundings were edited both manudly and automaticdly to
eliminate spikes and bad returns.
Only soundings with acceptable Quality Indexes (QI) were utilized.
Soundings at swath angles of greater than 60 degrees were not utilized.
Automatic spike filters diminated 2m or grester jJumps in point-to-point
soundings.
Thinning edited data to desired dengity:
The soundings are thinned to one sounding per 10' x 10’ grid. Each sounding
shown represents the water depth closest to the center of each 10" x 10" grid
square. If no soundings occurred in aparticular grid square, the grid is blank.
Cresti ng aDigitd Terrain Mode (DTM) for contour and 3D drawing creation:
The 10 ft grid sounding data was used to develop a DTM, bathymetric
contours, 3 Dimensiona perspectives and geo-referenced TIF mapin
TerraMode V9.7.
Digitd 3 Dimensond presentations, in the form of color shaded relief maps
were developed from the DTM of each survey areausing TerraModd version
9.7 TerraVista 3D Module (V2.03) and TerraVidaLite.

2.4 SIDE-SCAN SONAR

A side-scan sonar mapped the surficia features and the laterd extent of exposed bedrock at each
of the five offshore Stes. The surveys, conducted on 18-22 September 2000, used an
EDGETECH Modd 272TD side-scan sonar and a TRITON-ELICS I9s computer system. The
Sde-scan sonar was towed 90' and 140" behind the 25' survey vessel BETTY JO. The Sde-scan
sonar survey used the same differentid GPS system and navigation computer as used in the
multibeam survey. The navigation software includes a"layback™ program to adjust the GPS
coordinates for the distance and bearing of the side-scan towfish behind the boat's GPS antennae.



The EDGETECH Modd 272TD side scan sonar uses a 100- and 500-kHz transducer to produce
aplan view image of the seafloor to the left and right of the survey trackline. The IS's computer
isacompact, modular data acquisition and image- processing system that records the digital sde-
scan images onboard the survey vess.

The sde-scan sonar surveys were run adong pre-programmed parald survey lines, spaced a 150
intervals and oriented in the same direction asthetida currents over the 5 Sites. The Sde-scan
viewed 50m (164') on each sde of the trackline, dlowing dl parts of the seefloor to be viewed
from two different directions with 100% overlgp. Figures 2-9 and 2-10 show the tracklines from
the Sde-scan sonar survey.

A hydrographic surveyor used the 19s computer system to andyze the sde-scan records in the
office. Thelsscomputer system creates a"mosaic” image of the entire survey area by
overlgoping and displaying the digita side-scan records from consecutive survey lines. Thelss
computer produced mosaic images of the side-scan records from each of the five offshore Sites.
After importing the Sde-scan mosaics into AutoCAD, coordinates, notes, and Corps of
Engineerstitle block were added.

25 SEISMIC REFLECTION (SUBBOTTOM PROFILING)

Seiamic reflection surveying, dso caled subbottom profiling, uses acoudtic pulses emitted at
regular intervals by an acoustic energy source to image subbottom stratigraphy and geology.

The acoustic pulses trave through the water column and reflect off the seafloor and underlying
geology or gratigraphy. A surface-towed hydrophone receives the reflected acoudtic sgnds and
converts the acoustic pressure waves into eectrica sgnas that are processed and displayed on a
graphic recorder in real-time. Thisdisplay, the subsurface reflection record, is an acoustical
profile of the seafloor and subbottom sratigraphy (sediment layers) aong the survey trackline.
Figure 2-11 isasmplified schematic showing the principles of saismic reflection.

Golder Associates, Inc. collected and anayzed the seismic reflection data under subcontract to
Sea Surveyor, Inc., and their results are incorporated within this Report in total without further
reference.

The saismic reflection survey of the five offshore sites in Central San Francisco Bay occurred on
2-5 October 2000. During the surveys, a series of transects were run gpproximately north to
south and east to west across the five sites (Figures 2-12 and 2-13). The length of the transects
ranged from 500 to 3,600" depending on the particular rock mass and the orientation of the line.
The longest transects are oriented pardld to the primary axis of therock mass. Theinterva
between adjacent transects range from 100" to 400" depending on the line orientation. During the
survey, additiona transects were added as needed based on information obtained from
preliminary andyds of thedata. The following list summarizes the coverage for each areax

Blossom Rock: 13 North-South Lines (2,000 in length)

8 East-West Lines (1,800' in length)

Harding Rock: 12 North-South Lines (3,600 in length)
5 East-West Lines (1,400' in length)

Shag Rocks: 12 North-South Lines (3,600 in length)
4 East-West Lines (1,400 in length)
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Arch Rock: 6 North-South Lines (1,400' in length)
12 East-West Lines (2,200 in length)

Golden Gate Mound: 9 North South Lines (2,200' in length)
9 East-West Lines (1,100' in length)

The geophysicad ingruments ingtaled on the survey vessd DAVID JOHNSTON included:

Datasonic Bubble Pulser Low Frequency Acoustic Energy Source
Datasonic Recelver Processng Amplifier/Filter

GeoAcoustic 360 Processng Amplifier/Filter

EPC Model 1086 (2 each) Dual Channd, Therma Graphic Recorder

Sony Model PC208A Sony Mode 208 Eight Channel Digita Recorder

The geophysical sensors were tested and cdibrated in Emeryville Marina, located gpproximately
5-miles east of the survey areas, before beginning the survey. In addition, the geophysical
technicians ran a complete operationd check of dl instruments before leaving the dock each
morning. The seismic reflection surveys used the same integrated and automated differentia
GPS system as used in the multibeam hydrographic survey.

A Datasonic Model 1200 Bubble Pulser collected the high-resolution seismic reflection data.
Thisisamedium-frequency (350-800 Hz), low output acoustic energy (20 joules) system that
has no adverse effect on fish, but is capable of achieving excellent subsurface penetration,
particularly in medium to coarse-grained sediment. On this project, the maximum subsurface
penetration achieved with this system was gpproximately 200" below the seabed.

The hydrophone array was towed 75' astern of the vessel and the Bubble Pulser acoustic source
was towed 50" astern. The reflection data was displayed on an EPC Model 1086 therma graphic
recorder and permanently archived on a Sony Modd 208A, 8-channd, DAT recorder. The
graphic recorder digplay was set for 200 ms (approximately 500" full scale) and the firing or
discharge interva for the acoudtic energy sources was 350 milliseconds. The navigation

computer placed event marks, at 20-second intervas, on dl hard-copy data as well as the data
that was stored digitdly. These event marks dlow a correlation between the seismic data and the
vessdl position shown on the survey trackline maps.

The andyses of the subbottom profiles included determining the thickness of the sediment
overlying bedrock and identifying bedrock exposures. A geophysicd technician began the
andyses of the subbottom profiles by marking the contact between the sediment and the top of
bedrock on dl of the records. The geophysical technician measured the thickness of the
sediment layer, in milliseconds, at each event number, or in between event numbers if amgor
change in thickness occurred. The sediment thickness data was entered into an Excd

spreadsheet that contained the x,y coordinates for each event. The sediment thickness data was
converted into distance by multiplying the travel time by aveocity of 5,000 feet/second.

I sopach maps showing the thickness of unconsolidated sediment overlying the top of bedrock are
creeted by plotting and contouring the dataiin the Excel spreadshest.

Combining the sediment thickness data with the bathymetric data produced maps showing
bedrock devations. The sum of the two depths, sediment thickness and seafloor devation, isthe
elevation of bedrock relativeto MLLW. Theresolution of the soundingsis better than +0.5', but
the resolution of the isopach (sediment thickness) chart is+2'. A TIN model of the bedrock



elevation data contoured the map at 5' intervals, and the resol ution of the bedrock eevation map
is+2.5', or hdf the contour interval.

2.6 SEISMIC REFRACTION

Saismic refraction is ageophysica technique that measures the time it takes for a P-wave
generated by an acoustic energy source to travel dong interfaces or contacts between different
materia (seafl oor-sediment, sediment-bedrock) of the Earth to alinear array of detectors located
in atowed hydrophone array (Figure 2-14). The compressiond wave velocity of earth materias
can be caculated by measuring the travel time of the sound wave and gpplying laws of physics
that govern the propageation of sound. The compressiond velocity information can infer
geotechnica characteristics and geology of the subsurface.

The saismic refraction method depends on the condition of an increasing seismic velocity with
depth. Saismic refraction can not detect geologic layers that have a seiamic velocity dower than
the layer aboveit. Furthermore, refraction may not detect adjacent layersthat do not have a
sgnificant velocity contragt or that are rdaively thin. Thetotal depth of exploration for the
salamic refraction method is dependent on the power of the seismic source, length of the
hydrophone array and ambient noise conditions. The maor sources of noise on this project were
from powerboats and ferries, waves and currents, and tow noise.

On 4-5 October 2000, the seismic refraction surveys collected P-wave velocity measurements
aong severd transects in each of the five offshore Stesin Centra San Francisco Bay (Figures 2-
15 and 2-16). Refraction lines were oriented both parald and perpendicular to the primary axis
of each rock mass. On each transect, the energy source was discharged approximately every 200
to 300. The survey vessdl maintained a constant speed, but idled in neutrd briefly as the energy
source discharged. This provided good coverage over the top of the exposed bedrock surfaces.

A Geometrics Strataview 24-channel digita acquisition system acquired the refraction deta

This system digitally stores the refraction data and produces a paper copy in red time. The paper
records were used to review and assess the qudity of the data acquisition. The energy source for
the saismic refraction survey is a Betsy Seisgun using 200 to 250 grain black powder shell that is
discharged into the water from asmal pipe mounted on the stern of the vessd. An NWGS
Model-12 hydrophone array with MP-24 elements spaced at 16' received the refracted acoustic
arivas. The layback to the first hydrophone of the array was varied from 100 to 200'. On the
Golden Gate Mound site, where the water was deeper, it was necessary to use aNWGS Model-
10 hydrophone with MP-24 elements spaced at 60'. The layback to the first hydrophone was 50'.

Figure 2-17 shows a series of photographs taken during the seismic refraction survey. The array
was towed at varying distances astern of the survey vessd and the energy source was discharged
immediately off the sern. The survey vessd maintained a dow continuous speed dong the
selected transects. Just before discharging the energy source, the captain disengaged the boat
engine and dlowed the vessd to drift dong the intended survey line to reduce tow noise on the
aray. Following each discharge, the boat resumes power and navigates to the next transect
while the Seisgun is reloaded.

After completing the survey, a geophysical technician processed the seismic refraction data using
Rimrock SIP v. 4.5 refraction software. Expanding and displaying the processed dataon a
computer terminal made identification of the first arrivals easier, relative to the field paper

copies. The geophysica technician selected the first arrivas on the computer and used this
information to calculate the velocity of the compressional wave. The reverse refraction line or
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the bathymetric and seismic reflection data were used to correct for any errorsin the calculated
velocity resulting from a doping seafloor or bedrock surface. Printed copies of each record and
thefirg arrival picks verified the data during the qudity assurance/qudity control (QA/QC)
process.

2.7 MARINE MAGNETOMETER

Under a separate task order from the Corps of Engineers, Sea Surveyor conducted a marine
archaeologica investigation on 2-4 November 2000 in support of the Rocks Remova Project.
The marine archaeologica investigation included a magnetometer survey of the five offshore
areasin Centra San Francisco Bay. This report presents the results from the marine
magnetometer survey, and the datais aso presented in the archaeologicd report (Allan, 2001).

The presence of ferrous-meta on or below the seafloor was determined usng a GEOMETRICS
Modd G-881 cesum-vapor marine magnetometer. The magnetometer measures variaionsin
the earth's magnetic field using a sensor thet is towed 200" behind the survey boat. The
navigation computer records the magnetometer at 1-second intervals. The magnetometer has a
sengtivity of 1 gamma

The magnetometer survey used the same 25' survey vessd and differentiad GPS navigation
system used during the hydrographic surveys. Survey line spacing was at nomina 150" intervals.
Figures 2-18 and 2-19 show the survey tracklines.

2.8 PERSONNEL
The following geologists, geophysicists and surveyors conducted this geophysica investigation:

Mr. Kennith Harrington, an Engineering Geologist with the U.S. Army Corps of Engineers,
wrote the scope of work for this geophysica investigation, provided technical oversight, and
reviewed the Draft Report. Mr. Harrington has 28 years experience with the Corps of Engineers.
Heis presently Geotechnical Section Team Leader for the San Francisco Didtrict, and a member
of the project ddivery team for the San Francisco Bay Underwater Rocks Remova Project.

He graduated with a BA from Cdifornia State University a Fresno in 1967, and hes performed
post-graduate studies at the University of Missouri at Rolla. Heis aregistered professiond
geologist and certified engineering geologigt in the Sate of Cdifornia

Steven M. Sullivanis Sea Surveyor's Project Manager for this marine geophysica investigation.
Mr. Sullivan oversaw dl preparations, fiddwork, and data andysis for this project; therefore,
Mr. Sullivan is responsible for the accuracy of the data collected and the qudity of al drawings
and thereport. Mr. Sullivan has aB.S. degree in Oceanography from Humboldt State
University, and 23-years experience a conducting hydrographic and geophysica surveys.

Phillip Torres is employed by Sea Surveyor, Inc. Mr. Torresis responsible for the collection and
andysis of datafor the bathymetric and side-scan sonar surveys. Mr. Torresearned aB.S.
degree in Geologica Oceanography from Humboldt State University in 1987, and he has 13
years of surveying experience in San Francisco Bay. Mr. Torres produced dl drawings and
charts prepared for this project.

Craig Martignoni is employed by Sea Surveyor, Inc. Mr. Martignoni was the navigator during
the seilsmic survey conducted for thisinvestigation. Mr. Martignoni is responsible for the setup
and programming of dl navigation systems on shore and onboard the survey vessels. Mr.
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Martignoni also established the benchmarks (vertical control) for this project, and set and
cdibrated the tide gauges during the hydrographic surveys.

Andrew Hunt isthe captain of the 25' survey vessel used during this project. Mr. Hunt possesses
alicense from the U.S. Coast Guard to operate vessals of up to 100 tons. Mr. Hunt has 15 years
experience at operating survey vessalsin San Francisco Bay.

Richard Sylwedter is a Marine Geophysicist employed by Golder Associates, Inc. Mr. Sylwester
was respons ble for collecting the seismic reflection and refraction data for this project, and for
reviewing and assessing the quaity of the seismic data analyzed by Golder Associates. Mr.
Sylwester has aM.S. degree in Engineering Geophysics from the University of Washington, and
he has over 30 years experience in al aspects of geophysicd operations.

Dave Hrutfiord is a Geophysica Technician employed by Golder Associates, Inc. Mr. Hrutfiord
assigted in collecting the seismic data, and he provided theinitial anadlyses of the seismic
reflection data

3. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

A rigorous quality assurance/qudity control (QA/QC) program was implemented throughout the
geophysicd investigation to control, measure, and assess the accuracy of the data collected. This
section describes the methods and results from the QA/QC program.

3.1 HORIZONTAL AND VERTICAL CONTROL
3.1.1 Calibration of Electronic Navigation System

To ensure accurate horizonta postioning of the geophysica sensors, Sea Surveyor conducted
daily cdibration tests of the TRIMBLE differential GPS receivers used to provide navigation
during the surveys. At the beginning of each survey day, the differentid GPS antennae was
placed directly over the horizontal control monument "MUNI 7", located at the end of the
Municipa Pier. With the differentil GPS antennae set over the"MUNI 7" monument, the
latitude/longitude coordinates displayed by the navigation computer were compared againgt the
|atitude/l ongitude coordinates reported by the National Oceanic and Atmospheric Administration
(NOAA). Inadl cases, the TRIMBLE differentid GPS navigation system cdlibrated to within +1
meter of the correct coordinate under static conditions.

To ensure that the TRIMBLE differentid GPS recelver retained its cdibration during each survey
day, the navigation computer continuoudy recorded positions from a second differentid GPS
receiver during the surveys. The second GPS receiver was an OMNISTAR Model LR-8 that
obtainsits differential corrections via sadlite from severa base gations dong the Cdifornia
coast. The coordinates provided by the TRIMBLE and OMNISTAR differential GPS recelvers
showed good comparisons, typically matching within +1-3m.

3.1.2 Vertical Accuracy of Water Surface
Thereisno locd land massto serve as a base for measuring tides near the 5 survey areasin

Centrd San Francisco Bay, so tides must be inferred from measurements collected miles away.
Tidesin Centrd San Francisco Bay have a maximum range from about +8 to -2 MLLW.



During maximum flood and ebb tida flows (spring tides), the evation of the water surfacein
Centra San Francisco Bay must change up to 10 during the 6-hours between high and low tide.
During maximum tiddl flows, the eevation of the water surface & the five offshore Sites
investigated can be over 1' different than at landbased measurement gtations. Periodicaly,
minima tidd flows occur when high low-tides follow low high-tides. These minima tidal

flows, caled neap tides, provide an opportunity to accurately interpolate tides between distant
gauges.

Any error associated with the elevation of the water level surface directly affects the accuracy of
the soundings. To ensure the accuracy of the soundings, it is critica to measure the eevation of
the water surface both upstream and downstream of the survey aress.

By scheduling the field surveys at bi-monthly intervals during the Fall of 2000, it was possible to
collect the geophysical data during the minima tida flows that accompany the negp tides. Sea
Surveyor ingtdled two (2) CL sdf-recording tide gauges as close to the project Sites as possible.
One tide gauge was ingtdled gpproximately 2-miles downsiream of the Sites at the north end of
the Golden Gate Bridge. A second tide gauge was ingtaled approximately 2-miles upstream of
the sites near the North Point of San Francisco (see Section 2.3.1 for detailed discussions).
These two ingdlations alowed Sea Surveyor to measure the tiddl differences between the two
tide gauge locations and across the project site (Figure 3-1). In addition, downloading tida data
from the Internet collected by NOAA at the San Francisco Presidio provides another source for
measured tidesin Centra San Francisco Bay.

During the surveys, the water surface eevation across Centra San Francisco Bay was nearly a
levd plane. During the periods when geophysica data was being collected, water surface
elevations at the north end of the Golden Gate Bridge, a the Presidio and at San Francisco's
North Point al matched within +0.2' (Figure 3-2).

Thetide gauge a San Francisco's North Point recorded smooth tidal curves that were typicaly
0.1' higher than those measured near the Golden Gate, but very smilar to the tide measured by
NOAA at the Presidio. The tides recorded near the north end of the Golden Gate show atiddl
surge occurring for up to 2-hours after low tide. Thetidd surge near the North End of the
Golden Gate Bridge pushes the water level up 0.2' higher than recorded by either the San
Francisco tide gauge or NOAA's Presidio tide gauge. However, since al field surveys were
conducted during high tide, thistidal surge measured at the Golden Gate after low tide did not
contaminate the tidal records.

The soundings are referenced to the MLLW vertical datum using a smoothed tide curve based on
the average of the three tide gauges. The smoothed water surface eevation curve used to correct
the soundings did not differ by morethan +0.1' from any of the three tide monitoring Sations.

A common verticd datum is critical for comparing tide data from stations located miles apart.
The tide gauges used for this geophysica investigation were referenced to the most stable and
best documented benchmarks located dong the San Francisco Bay shordline. Differentia
leveling techniques are used to reference the tide gauges to the benchmarks. Differentid

leveling began at the known vertical control monument (benchmark), proceeded to the tide gauge
Stes, and then reversed back to the control monument. All surveys closed within + 0.04' of the
darting devation.
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3.1.3 Bathymetry

Soundings collected during the hydrographic surveys can have an error caused by environmenta
or eectronic factors. Soundings must be corrected for tides, which is accomplished by
subtracting the elevation of the water surface, and any error in the tide measurement is carried on
into the corrected soundings. Waves, schools of fish, and marine vegetation are some of the
many environmenta factors that can introduce sounding errors. In addition, any errorsin the
navigation data cause the soundings to be plotted inaccurately. Therefore, plotted soundings
corrected to the MLLW verticd datum have a cumulative error that combines any individua
errors associated with navigation, tide measurements, and raw depth measurements. The
purpose of this subsection is to measure the cumulative error associated with the individud
soundings.

Sound Velocity Profiles. Profiles of sound velocity at various times and places within the five
offshore Sites are necessary for calculating the speed- of-sound. The hydrographic surveyor
collected sound velocity profiles at the beginning and end of the hydrographic surveys at each of
the five offshore sites. Numerous sound velocity profiles obtained at various times of the day
assured accurate speed- of-sound data for the sonar processing. The hydrographic surveyor
repeated each profile as a check on instrument operations. The data corrects for sound velocity
and ray path bending in the multibeam sonar deta.

Sonar and Sensor Alignment Verification (Patch Test): The Petch Test isacritical eement to
reliable and accurate multibeam sonar surveys. The vessel motion and position instrumentation
must reflect the true motion of the sonar head, the associated positions and orientations of the
sonar beams, and incorporate any timing errors. The relaive accuracy of the multibeam
soundings are measured using the Patch Tegt, including:
Roll offset of the Sonar to the Motion Sensor:
Therall offset isthe most criticd of the dignments. To adjust the roll offst,
collect soundings adong reciproca survey lines over aflat bottom. Then adjust
the roll offset until the resulting soundings statistically match. Offsets ranged
from 1.6 to 1.8 degrees during thisinvestigation.
Pitch offset of the Sonar to the Motion Sensor:
Measuring the pitch offset requires collecting soundings dong reciproca lines run
up and down adope. No measurable pitch offset was required.
Y aw offset of the Sonar to the SG Brown Gyrocompass:
Measuring the yaw offset requires collecting soundings aong reciprocd linesrun
up/down a dope a the same speed o that the lines overlap by approximately half-
a-swath width. No measurable yaw offset was determined.
Navigation latency:
The time offset between the positioning system and the sonar is determined by
running two lines up adope, one fast and one dow. A latency of 0.5 seconds was
determined, which istypica for computerized navigation systems.

Multibeam Soundings vs. Single-beam Soundings: Comparing the soundings from the
multibeam survey with the soundings from the sngle-beam fathometer provide another check on
the qudity of the hydrographic surveys. Plotting the soundings from the two surveys for each of
the five Stes on to asingle chart dlowed point-by- point comparison of the sounding data.

The multibeam soundings represent the closest sounding of many to the center of a10' x 10 grid,
whereas the depth measurements collected by single-beam fathometer are individud soundings.



Due to differences in the two systems, dight variations of the soundings may occur in rugged
aress of the seefloor. A hydrographic surveyor examined the combined sounding plots, flagged
any discrepancies, and reviewed the causes of the differences. In generd, the multibeam
soundings matched the single-beam fathometer within +0.2' in flat areas; however, discrepancies
of up to +2' occurred in areas where large boulders and extreme dopes were encountered.

3.2 QA/QC OF SIDE-SCAN SONAR SURVEY
The QA/QC checkpoints for the side-scan sonar survey induded the following items

> Immediately before beginning the survey, the entire side- scan sonar system (towfish, cable,
recorder) was shipped to the manufacturer for calibration of the transmit frequency of the
towfish and scale lines on the graphic recorder.

» The"layback" distance that the towfish was being towed behind the GPS antennae on the
survey vessel was measured twice each day, and the layback distance was manually-
annotated on the navigation log sheets and keyboard-annotated with the digitd Sde-scan
records in the navigation compulter.

» The"layback" distance that the towfish was being towed behind the GPS antennae on the
aurvey vessel was checked by confirming the horizonta coordinates of one or more
ggnificant and easily-recognized sesfloor targets that gppear on separate survey linesrunin
opposite directions. Any error in the calculation of the towfish "layback™ was recognized,
as there will be a difference in horizonta |ocation of seafloor targets viewed from separate
survey lines. Corrections for "layback” distances applied during data processing never
exceeded +15'.

» Cdibrating the differentid GPS navigation system twice dally, incdluding immediatdly before
beginning survey operations and immediately after the completion of survey operations. The
accuracy of the differentiad GPS navigation system was confirmed by placing the GPS
antennae over the horizonta control monument "MUNI-7", and manually recording the GPS
coordinate and determining any difference between the GPS coordinate and the monument's
known coordinate.

» Theoverdl accuracy of the Sde-scan records is apparent when superimposing the records
from consecutive survey lines over one another to createa“mosaic”’. Mr. Phillip Torres
investigated and corrected any discrepancies found while creating the Side-scan mosaic.

> A 3-tier gpproach was used to interpret the side-scan records. A Senior Geophysica
Technician involved with collecting the Sde-scan datainitidly interpreted the records and
created a draft mosaic of the side-scan records. Mr. Phillip Torres, Sea Surveyor's Data
Processng Manager, confirmed the accuracy of theinitid interpretation and made any
necessary corrections to the mosaic, with input from Triton-Elics. Mr. Steve Sullivan, Vice-
President of Operations at Sea Surveyor, provided afina review of the sde-scan mosaic.

3.3 QA/QC OF SEISMIC REFLECTION (SUBBOTTOM PROFILING) SURVEY

The QA/QC program for the saismic reflection survey was initiated during the planning phase of
this project, continued during the field data acquisition phase, and findlized during the in-office
data processing and interpretation phase. Mr. Richard Sylwester is the geophysicist responsible
for collecting the seismic data. During the survey and a the end of each day, Mr. Sylwester



reviewed the seiamic reflection data to assure that he could identify the contact between the top

of bedrock and the overlying sediment. In addition, the Navigator and Mr. Sylwester reviewed

the trackline coverage to be sure that there was more than adequate survey coverage across the
main body of the rock masses.

Mr. David Hrutfiord anadlyzed the seiamic reflection data. Mr. Hrutfiord is ageophysica
technician that assisted Mr. Sylwester in collecting thefidd data. Mr. Hrutfiord conducted his
anadyses after discussons with Mr. Richard Sylwester. These discussons included:

Review of project proposal with emphasis on deliverables.

Review of published marine geology and geophysical reports from the area.

Prdiminary review of the reflection records to identify sgnificant festures.

After analyses of the seigmic reflection data by Mr. Hrutfiord, an independent review of the
results was performed for QA/QC purposes, including:

» Theacoudtic travel time for selected cross-sections were spot- checked againgt the
interpreted data.
The interpreted reflection records were spot-checked againgt the graphic records.
Review of al interpreted results by Mr. Richard Sylwester and
An independent review of sediment thickness maps by Mr. Robert Anderson (Senior
Geophysicigt at Golder Associates) and Dr. Mark Holmes (Geophysicigt at the University
of Washington).

YV V

Thefind check on the results of the seigmic reflection survey isto confirm that the areas of
exposed bedrock on the side-scan mosaics match the zero contour on the sediment thickness
(isopach) charts. The bedrock devation charts have the grestest possible cumulative error,
because the bedrock eevation charts combine any inaccuracies associated with either the
sounding charts and/or the isopach maps.

3.4 QA/QC OF SEISMIC REFRACTION SURVEY

During the seismic refraction survey, the geophysicist prdiminarily andyzed the seismic dataon
the survey vessel using paper records from the seilsmograph. The purpose for the preliminary
andyses was to confirm that arrivas were being received from the bedrock. The geophysicist
performed a more detailed andlysis at the end of each day using the refraction program in the
digital acquistion system.

Dr. John Liu, an experienced geophysicist, conducted andlyss of the seismic refraction data.
Before andlyzing the seismic data, Dr. Liu had detailed discussons with Mr. Richard Sylwester,
the geophysicigt responsible for collecting the data. These discussions included:

Review of proposed field survey with emphasis on ddiverables.

Review of published marine geology and geophysica report from the area.

Prdiminary review of the refraction records to identify features that need mapping.

Interpretation and QA/QC of the refraction data conssted of the following:

Download the refraction data to processing computer.

Enhance and plot dl refraction data

Use saigmic refraction program to sdect firg arrivals. Check dl auto-picks and have
results reviewed by Mr. Richard Sylwester.

Cdculate seismic veocity for unconsolidated sediment and for bedrock.

Cdculate and plot adepth modd and compare to seismic reflection results.

YV VVV



> Review of interpreted data by Mr. Richard Sylwester

» Anindependent review of refraction velocity profiles by Dr. Michad Maxwdl (Senior
Geophysicist at Golder Associates) and Dr. Mark Holmes (Geophysicig at the University
of Washington).

A critica part of the technical review was the verification of caculations. Thesewerea
documented examination by an independent party to confirm the accuracy of caculations. For
hand caculations, examination were done by reproducing the cdculaions as origindly

performed, or by performing dternate calculations, that produced equivaent results from the
same data set. Spreadsheets and other computerized cd culations were examined and checked
through hand caculations and by an independently derived spreadsheet. Mr. Sylwester repeated
selected cdculations for confirmation purposes. The caculations sdected for re-examination
depended on the method of calculations, confidence in the results based on other validity checks,
and the extent to which the spot- checking could confirm sequentid caculations.

3.5 QA/QC OF FINAL DATA AND DELIVERABLES

Mr. Steve Sullivan (Project Manager), Mr. Phillip Torres (Data Processing), and Mr. Richard
Sylwester (Geophysicist) reviewed the draft and find plots of al maps. The San Francisco
Didtrict, Corps of Engineers received a Draft Report for review and comment. This Find Report
incorporates the Corps comments and recommended changes to the Draft Report.

The find QA/QC check on the report, charts and other deliverablesis to contrast and compare
the data with previous historical data collected by the U.S. Geologica Survey (Carlson, et dl.,
2000) that is available for downloading from the Internet (Chin, et d., 1998). The purpose of
this section isto identify, discuss, and resolve any discrepancies between the historica data and
the results from this survey.

The scde of the drawings presented in the USGS study istoo large for detailled comparison of

the sounding data. Although they were not of the same scale, 30 and 25 meter depth contours are
shown in the USGS drawing coincided well with the 100" and 85' depth contours mapped during
thisinvestigation.

A comparison of the calculated surface areas of Arch, Harding, and Shag Rocks within the 17m
(55.8) contour by USGSin 1998 vs. the 55' contour from this investigation show similar results:

USGS (55.8 MLLW) Sea Surveyor (55 MLLW)
Arch Rock 45,000 sguare meters 42,900 sguare meters
Harding Rock 18,300 sguare meters 15,600 sguare meters
Shag Rocks 17,300 square meters 15,300 square meters

A naticesble difference in the bathymetry a the Golden Gate Mound is evident between the
historica data and thisinvestigation. According to the USGS survey, in 1998 the area
encompassed by the 65' (20-meter) contour was approximately twice the Sze asthe area
presently within the 65' contour.

Table 3-1 compares the minimal (shallowest) depths over the submerged rocksin Centra San
Francisco Bay againg higtorica data for the five offshore stesinvestigated. Table 3-1 shows

that the soundings collected during thisinvestigation are comparable to the minimum depths
shown on NOAA Chart #18649 for Blossom, Harding, Shag, and Arch Rocks; however, Golden
Gate Mound is 7' deeper than reported on the nautica chart.



The 1998 USGS survey only included limited side scan sonar data, so there was insufficient data
for comparison againg the sde-scan sonar data collected during this investigation.

TABLE 3-1: Comparison of Minimal Depths over Submerged Geologic Featuresin
Central San Francisco Bay, California. Elevationsare referenced to 0.0
MLLW based on the 1960-1978 Tidal Datum Epoch.

USGS, 1998 NOAA Chart 18649 Sea Surveyor (2001)

Blossom Rock -40' -39.5
Harding Rock -39.4 -36' -36.4'
Shag Rocks -39.4 -36-37' -37.5
Arch Rock -36.1' -33 -36.0'
Golden Gate Mound -48 -55'

It is possible to compare the results from two (2) seismic reflection (subbottom) profiles from the
1998 USGS selamic reflection study (Carlson, et d., 2000) with the results obtained during this
investigation. USGS Line 27P was oriented from the southwest to the northeast over Harding
Rock. The profile shows the top of Harding Rock at eevation .62 MLLW, doping to eevation
—262' MLLW on the southwest side of the Rock and down to eevation —272° MLLW on the
northeast of the rock mass. The southwest dope is recorded steeper than the northeast dope.

Figure 4-12 in thisreport presents a profile of Harding Rock in the same orientation as depicted
over USGS Line 27P (Carlson, et a., 2000). Figure 4-12 shows the northeast dope steeper than
the southwest dope. The discrepancy is due to the difference in the length of the survey lines

run. All survey linesfor this Geophysical Investigation were confined to the immediate vicinity

of the rock masses, as opposed to the 1998 USGS survey lines that extended further.

The second comparable USGS profileis Line 465K (Carlson, et al., 2000), which was oriented
from the northwest to the southeast across both Harding Rock and Shag Rocks.  The subbottom
profile generated by thisinvestigation in the same orientation (Figure 4-13) is nearly identica to
that of USGS Line 46SK. Both profiles show the sediment filled depression between the two
rock masses. The thickness of the sediment measures approximately 25' in both profiles.

The 1998 USGS study encompassed a much larger area, with fewer survey lines than this
investigation. USGS reports the isopach (sediment thickness) contours in 20-meter intervals, and
their data extend far beyond the immediate vicinity of the Rocks (Carlson, et d., 2000). This
geophysica investigation was limited to tightly spaced survey lines only in the vicinity of the

rock masses, therefore, it is difficult to provide a vaid comparison of the two studies.

Since the 1998 USGS report does not contain a bedrock elevation chart, we compared some of
the USGS saiamic reflection profiles to the Bedrock Elevation Charts presented in this Report.
The USGS prafile from Line 28P (Carlson, et a., 2000) shows Shag Rocks and the sediment
covering itsflanks. Figure 4-20 of this report show asimilar trend of the southeast dope dipping
steeper than the northwest side. Similarly, comparing the profile from USGS Line 149 (Carlson,
et d., 2000) with Figures 4-20 and 4-27 in this report reveal Smilar results; i.e., Shag Rocksis
steepest on the south side and Arch Rock is stegpest on the north side.
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4. SURVEY RESULTSAND DISCUSSION

This section presents the results from the marine geophysicd investigation of the five offshore
gtesin Centra San Francisco Bay. Section 4.1 discusses the results from the geophysical survey
at Blossom Rock. Appendix A presents full-scale charts of Blossom Rock. Sections 4.2 and 4.3
present data collected a Harding Rock and Shag Rock, with full-size charts of these rocks
provided in Appendix B and C, respectively. Section 4.4 discusses Arch Rock, and Appendix D
has charts showing the survey results for bathymetry, side-scan, and subbottom profiling.

Findly, Section 4.5 describes the unique geologicd feeture that this Report cals Golden Gate
Mound, and its full-scale bathymetric contour charts, side-scan mosaics, isopach charts, and
bedrock eevation maps are provided in Appendix E.

All horizonta locations presented in this Report are referenced to the Cdifornia State Plane
Coordinate System, Zone 3 (North American Datum of 1983), as well as NAD-83 geographic
(latitudellongitude) coordinates. This report references dl eevations and depths to the mean
lower low water (MLLW) vertical datum. For the purpose of this Report, depths are negetive
eevations,

Geophysicists from Golder Associates collected and andyzed the seismic data under sub-
contract to Sea Surveyor, Inc.

4.1 BLOSSOM ROCK

Blossom Rock is located approximately 4,000' (0.75 miles) north of San Francisco's North Point,
and 12,000 (2.25 miles) southeast of the other underwater rock masses. Located near the center
of the designated ship channel, Blossom Rock has been problematic to shipping in San Francisco
Bay since the British Navy doop "Blossom” encountered it in 1826. Origindly, Blossom Rock
rose to an gpproximeate elevation of -5 MLLW. In 1869, underwater blasting removed the top of
Blossom Rock to below devation —24' MLLW. In the early 1900's, the top of Blossom Rock
was again removed to below devation —30' MLLW. Blossom Rock was last lowered during the
1930's to about elevation —40' MLLW. Presently, abuoy identified as"BR" marks Blossom
Rock.

Hydrographic surveys were conducted over Blossom Rock using both single-beam and
multibeam sonar systems. The following figures and full-sze charts present the results from the
hydrographlc surveys of Blossom Rock:

Figure 4-1 is a bathymetric contour chart of Blossom Rock at scale 1'=200'
Figure 4-2 shows 3-dimensiond views of Blossom Rock as seen from above, the north,
and the south.

In Appendix A, Chart A-1 presents the bathymetric contour chart and three 3-
dimensiond views of Blossom Rock as imaged from above, the north, and the south at
scale 1'=100'.

Chart A-2 in Appendix A is abathymetric contour chart (scde: 1'=50") showing
soundings at 10 x 10’ grid intervas directly over Blossom Rock.

Blossom Rock has aflattened top that rises about 50" above the surrounding seafloor. The top of
Blossom Rock has an average evation of between -44 to -46' MLLW, and amaximum
eevaion of -30to -41' MLLW. When soundings are averaged at 10 square foot intervals, the
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highest point on top of Blossom Rock isat devation -41.9 MLLW; however, individud
soundings within the highest grid interva are as shdlow asdevation -39.5' MLLW.

Blossom Rock has a surface area of approximately 100,400 square feet as measured along the
-55' contour.

Results from the Side scan sonar survey provide agraphic view of the surficia features of

Blossom Rock and the surrounding seefloor. In Appendix A, Chart A-4 shows the Sde-scan
sonar records presented asamosaic at scale 1"=100". Please note that schools of fish obscure the
Sde-scan mosaic in 6 small aress.

The sSde-scan mosaics clearly show that Blossom Rock is exposed rock surrounded by
unconsolidated sediments. Pockets of sediment are also present on the Rock. Sand waves of 2'-
3 amplitude are present on the seafloor to the east and west of Blossom Rock, but finer materia
blankets the depression on the south side of the Rock. Some rock debris is located southeast of
Blossom Rock, near the corner of the survey area.

The most obvious seafloor target shown on the Side scan mosaic is the sunken barge that is
located gpproximately 100" south of the edge of Blossom Rock. The sunken bargeis
gpproximately 120" long and 30' wide. The bargeis laying upright, but tilted, on the seafloor.
The sunken barge may be listing to one side because the north Side of the barge is 7-8 above the
sedfl oor while the south sde of the barge is nearly flush with the sesfloor. Two small targets
located a shore distance northeast and southeast of the sunken barge may be anchors partidly
buried in the seabed. Figure 4-3 shows a close-up of the Sde-scan image of the west end of the
barge.

Figure 4-4 presents the results from the magnetometer survey over Blossom Rock and clearly
identifies the sunken barge as alarge magnetic anomay with the possible anchors showing as
gmdler 20-gammactargets. Another magnetic target located east of Blossom Rock registered asa
20-gammaanomaly, but this magnetic target does not correspond with any images on the side-
scan sonar records. The side-scan mosaic does show a 20'-long target located at the extreme
south end of the survey area, but this acoudtic target does not correspond with any significant
magnetic anomalies. A 20' x 20" square block on top of Blossom Rock is visble on the side-scan
sonar records, but again this block does not register as a magnetic anomaly. Lack of amagnetic
anomay on an acoudtic target suggests thet the object on the seefloor contain little or no ferrous
metdl.

The results from the seismic survey show that Blossom Rock is very symmetrica and drops off
deeply on al sdes. Figures 4-5 and 4-6 show the seismic record and interpreted cross-section
over Blossom Rock in anorth-south and east-west direction, respectively.

The following Figures and Charts present the results from the seismic survey over Blossom

Rock:
Figure 4-7 isan isopach map (scale 1'=200") contoured at 5' intervals that shows the
estimated thickness of unconsolidated sediment on and around Blossom Rock. Chart
A-4in Appendix A isafull-size chart of isopach contours at scale 1"=100'.

Figure 4-8 is abedrock eevation map (scale 1"'=200") referenced to MLLW. The
bedrock elevation map is contoured at 5' intervals and shows the estimated elevation
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of the top of bedrock near Blossom Rock. This bedrock elevation map isaso
presented in Appendix A asafull-sze chart at scde 1'=100" (Chart A-5).

The elevation of top of bedrock variesfrom -40' to -200' MLLW. The sediment, ranging in
thickness from O' to over 150/, increases rapidly in thickness to the south of the rock mass.

The compressional velocity measured at Blossom Rock ranges from 10,400 to 11,000
feet/second (Table 4-1).

TABLE 4-1: Compressiond Ve ocities Recorded by the Seismic Refraction Survey at Blossom
Rock on 2-5 October 2000.

Array Eadling Northing Veocity (ft/sec)
B1 6,012,223 2,125,712 10,400
B2 6,012,197 2,125,929 10,800
B3 6,012,738 2,126,018 11,000
B4 6,012,421 2,126,018 10,650
B5 6,012,107 2,126,019 11,000

4.2 HARDING ROCK

Harding Rock is the northern-most rock investigated. Harding Rock islocated approximately
mid-way between three land feetures, including Alcatraz Idand, Angd Idand, and the Marin
County coagtline. All deep draft vessals passing through the Golden Gate must traverse the Bay
through the ship channel around the north tip of Harding Rock.

Harding Rock is a potentia hazard to navigation because of its proximity to the deep draft ship
channd. In 1932, Harding Rock had its top lowered by blasting to below eevation -35 MLLW.
A buoy located on the northern tip of Harding Rock marks the edge of the designated shipping
channd. The exiding buoy is marked "HR".

The following Figures and Charts display the soundings collected over Harding Rock:
-+ Fgure4-9 is abathymetric contour chart of Harding Rock at scale 1'=200.

Figure 4-10 shows 3-dimendond views of Harding Rock as seen from above, the north,
and the south.

In Appendix B, Chart B-1 presents a bathymetric contour chart and three 3-dimensond
views of Harding Rock as imaged from above, the north and the south at scale 1'=100.
Chart B-2 in Appendix B is abathymetric contour chart (scae: 1'=50") showing
soundingsinal10 x 10 grid directly over Harding Rock.

Risng about 50" above the surrounding seafloor, Harding Rock is the northwest end of aridge of
bedrock that extends 0.5 miles southeast to Shag Rocks. Harding Rock has a flattened top, with
two (2) high spots stlanding 4-6' higher than the surrounding rock. Most of Harding Rock is
below the -40' MLLW contour, but thereisa 250’ x 75" areaon top of Harding Rock that is
abovedevation -40' MLLW. The highest evation measured on top of Harding Rock was -36.4'
MLLW.
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The surface area of Harding Rock above eevation -55' MLLW is gpproximately 170,300 square
feet.

The north dope of Harding Rock is steepest, and severd 8 high pinnacles are located adong the
eastern edge of that dope. The deepest area surveyed is below -100' MLLW on the south side of
Harding Rock.

In Appendix B, Chart B-3 shows the Sde-scan sonar records presented asamosaic at scae
1"=100. The side scan mosaic shows Harding Rock to be approximately 600" x 1,200' of
exposed rock that rises from the overlying sediment in San Francisco Bay. Coarse-grained
sediment create high-amplitude sand waves on the seafloor north and south of Harding Rock, but
fine-grained sediment leave a smooth bottom northwest and northeast of the Rock. A seefloor
target located a the southeast corner of Harding Rock may be a sunken buoy, but thistarget has
no magnetic sgnature.

Figure 4-11 shows the results from the magnetometer survey over Harding Rock. The only
magnetic target on or near Harding Rock is the exigting buoy, identified as "HR' that marksthe
boundary of the ship channd.

The seismic survey over Harding Rock generated a grid of subbottom cross-sections that were
interpreted and contoured to create maps showing the thickness of sediment overlying rock
(isopach map) and a contour chart of bedrock eevation. Figures 4-12 and 4-13 show
representative seismic cross-sections over Harding Rock. Figure 4-12 shows a northwest-
oriented selsmic cross-section across the short-axis of Harding Rock. A longer seismic cross-
section (Figure 4-13) shows the 0.5 mile continuous ridge of bedrock with overlying sediment
between Harding Rock and Shag Rocks.

The following Figures and Charts present the results from the seismic survey over Harding Rock:

- Fgure4-14 isan isopach map (scale 1'=200") contoured at 5' intervas that shows the
estimated thickness of unconsolidated sediment on and around Harding Rock. These
isopach contours are aso presented in Appendix B as afull-size chart at scale 1"'=100
(Chart B-4).

Fgure 4-15 isabedrock eevation map (scae 1'=200) referenced to MLLW. The
bedrock eevation map is contoured a 5' intervals and shows the estimated eevation
of the top of bedrock near Harding Rock. This bedrock elevation map isaso
presented in Appendix B asafull-sze chart a scae 1"'=100" (Chart B-5).

The sediment thickness on the Harding Rock mass varies from O' to over 100 (Figure 4-14). The
isopach contours are oriented northwest to southeast which is aso the predominant orientation of
the rock mass. The rock mass drops off relatively fast along the northeast flank (Figure 4-12). A
25' thick layer of unconsolidated sediment separates Harding Rock from Shag Rocks (Figure 4-
13). The devation of the top of bedrock varies from approximately -40" (exposed bedrock) to
over -200' MLLW (Figure 4-15).

The compressiond velocity of the bedrock, based on the seiamic refraction data, varies from
10,000 to 10,600 feet/second (Table 4-2). A thinlayer (5'to 20 thick) of rock debris, and
coarse-grained materid on the northeastern flank of Harding Rock has a compressiona velocity
of 8,500 feet/second.
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TABLE 4-2: Compressiona Ve ocities Recorded by the Seismic Refraction Survey a Harding
Rock on 2-5 October 2000.

Array Eading Northing Ve ocity (ft/sec)
H1 5,999,506' 2,133,290 10,100
H2 6,000,265' 2,133,235' 8,500
H3 5,999,528 2,132,879 10,000
H4 5,999,879 2,132,971 10,600
H5 6,000,062' 2,132,812 10,600

4.3 SHAG ROCKS

Shag Rocks is the center of three rock masses that create a 4,000'-wide crescent-shaped
navigation hazard facing the Golden Gate. Shag Rocks is the southeast end of a 0.5-milelong
ridge of bedrock that extends to Harding Rock. Shag Rocks is located about 1,800 (0.34 miles)
north of Arch Rock, and about 4,500 (0.85 miles) northwest of Alcatraz Idand.

Shag Rocks has had its tops removed twice by underwater blasting; first in the early 1900's to an
elevation below -30' MLLW, and again in the 1930's to an elevation below -35 MLLW.

The results from an intensve hydrographic survey over Shag Rocks using both multibeam and
sangle-beam survey-grade fathometers are presented in the following Figures and Charts:

Figure 4-16 is abathymetric contour chart of Shag Rocks at scale 1"'=200'.

Figure 4-17 shows 3-dimensond views of Shag Rocks as seen from above, the east, and
the south.

In Appendix C, Chart C-1 presents the bathymetric contour chart and three 3-dimensond
views of Shag Rocks as imaged from above, the east and the north at scale 1'=100'.
Chart C-2in Appendix C is abathymetric contour chart (scae: 1'=50") showing
soundingsin a 10 x 10 square grid directly over Shag Rocks.

Shag Rocks consist of two (2) flattened mounds of rock atop arock mass risng about 50" above
the surrounding seefloor. The two flattened mounds on top of Shag Rocks are above devation
-40' MLLW. A 5'-deep depression separates the two flattened mounds. The highest point on
each of the two moundsis at evation -37.5 MLLW. Numerous pinnacles of 5-20' height are
distributed on the south and west flanks of Shag Rocks. The side scan mosaics show boulders
and large rock debris surrounding the flattened tops on Shag Rocks. Water depths increase to
over 100" on the western corner of the survey area.

The surface area of Shag Rocks above eevation -55' MLLW is approximately 164,600 square
feet.

In Appendix C, Chart C-3 shows the side-scan sonar records presented as amosaic at scale
1"=100". The side scan mosaic of Shag Rocks shows exposed bedrock rising from the
unconsolidated sediment of San Francisco Bay. Medium- to high-amplitude sand waves
surround Shag Rocks, which isindicative of coarse-grained sediment.

Figure 4-11 presents the results from the magnetometer survey over Shag Rocks. The largest
magnetic anomaly found on or near Shag Rocks is a 10-20 gamma target |ocated south of Shag
Rocksin approximately 95' of water. The side scan mosaic does not show an acoustic target at
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the location of the magnetic anomaly; therefore, the unconsolidated sediment probably covers
the ferrous meta causing the magnetic anomdy. Two smdl 10-gammamagnetic anomdieson
top of Shag Rocks coincide with two possible targets shown on the Side scan mosaic.

Cross-sectiona subbottom profiles from the seismic survey provide agrid of information on the
subsurface geology over Shag Rocks. Figure 4-18 presents a representative subbottom profile
across Shag Rocks. Figure 4-13 in the previous section shows the seismic record and interpreted
cross-section dong the long-axis of Shag Rocks and Harding Rock.

Thefollowing Figures and Charts provide the results from the seismic survey over Shag Rocks:

- Fgure4-19 isan isopach map (scae 1"'=200") contoured a 5' intervas that shows the
edimated thickness of unconsolidated sediment on and around Shag Rocks. These
isopach contours are also presented in Appendix C as afull-sze chart at scale 1'=100'
(Chart C-4).

Figure 4-20 is a bedrock eevation map (scde 1'=200) referenced to MLLW. The
bedrock eevation map is contoured at 5' intervals and shows the estimated eevation

of the top of bedrock near Shag Rocks. This bedrock elevation map is also presented
in Appendix C asafull-sze chart a scade 1'=100" (Chart C-5).

The surficid sediment varies in thickness from 0-100" with the thickest deposit located towards
the southern end of the ste (Figure 4-19). The sediment between Harding and Shag Rocks are
relatively thin (gpproximatdy 5' to 25) and overlie a ridge structure connecting the two rock
masses (Figure 4-13).

The evation of the top of bedrock varies from eevation -38' to -200' MLLW (Figure 4-20).

The southern end of the rock mass drops off rapidly relative to the flanks and the shallow ridge
connecting Harding Rock. The compressiona velocities measured a Shag Rocks ranges from
10,000 to 10,700 feet/second (Table 4-3).

TABLE 4-3: Compressiond Ve ocities Recorded by the Seismic Refraction Survey at Shag
Rocks on 2-5 October 2000.

Array Eading Northing Velocity (ft/sec)
S1 6,001,163 2,132,095 10,700
S2 6,001,518 2,132,196 10,000
S3 6,001,679° 2,131,686 10,600

4.4 ARCH ROCK

Arch Rock islocated approximately 1,500 south of Shag Rocks and 4,500 west of Alcatraz
Idand. Arch Rock had itstop removed to below eevation -30' MLLW in the early 1900's. Arch
Rock was again blasted in the 1930's to below devation -35' MLLW.

The following Figures and Charts present the results from the hydrographic surveys over Arch
Rock:

Figure 4-21 is a bathymetric contour chart of Arch Rock at scale 1'=200.



4-18.pdf
4-13.pdf
4-19.pdf
4-20.pdf
4-19.pdf
4-13.pdf
4-20.pdf
4-21.pdf

Figure 4-22 shows 3-dimensiona views of Arch Rock as seen from above, the north, and
the south.

In Appendix D, Chart D-1 presents the bathymetric contour chart and three 3-

dimensiond views of Arch Rock as imaged from above, the north and the south at scde
"=100".

Chart D-2 in Appendix D is abathymetric contour chart (scde: 1'=50") showing

soundingsinal10 x 10" square grid directly over Arch Rock.

Arch Rock isarock masswith aflattened top that rises about 40" above the surrounding seafloor.
The elevation of the seafloor around Arch Rock is gpproximately -70' to -80' MLLW, except for
adepression exceeding elevation -100° MLLW on the northwest corner of the Rock. Most of
Arch Rock'sflattened top is at elevation -38 MLLW, but there are severd smal pesks or
boulders on top that extend up to elevation -36' MLLW.

Two ridges extend from the northwest flank of Arch Rocks. Oneridge rises about 15' above the
surrounding seafl oor and extends towards the northwest from the rock mass. The second ridge is
smdler (approximately 7' above the surrounding seafloor), oriented towards the north, and is
physicaly separated from the main rock mass.

The surface area of Arch Rock above devation -55' MLLW is gpproximately 461,100 square
fedt.

In Appendix D, Chart D-3 shows the side-scan sonar records presented as a mosaic at scae
1"=100". The side scan mosaic clearly shows a mass of exposed rock, surrounded by
unconsolidated sediments. Well-defined sandwaves located north and west of Arch Rock
suggest coarse-grain sediments on the seafloor. The seafloor gppears to be smooth or has small
sandwaves to the east and south of Arch Rock, suggestive of fine-grained sediments. A single
15' high ridge of at least 500™-1ength |eads from edge of Arch Rock towards the northwest.

The dde-scan records also show severd targets that are mantrmade. A 230'-long cableisvishble
on the sde-scan records that |eads from the eastern flank of Arch Rock towards the northeast to a
segfloor object near the base of the Rock. This seafloor object is approximately 25' x 30" in size,
but its identity is unknown. Deep gouges (10-15' across and 300'-700' long) in the
unconsolidated seafloor are visible on the side-scan records to the east of Arch Rock. These
gouges in the seafloor may possibly be anchor scours.

Figure 4-23 presents the results of the magnetometer survey over Arch Rock. Two large
magnetic targets are located near the top of Arch Rock; one target has a positive and negetive
magnetic anomaly of 90 gamma, while the second target has a magnetic signature of 100 gamma
and - 330 gammardative to the Earth's magnetic fidld. The source of the ferrous metd cresting
these two magnetic anomdies is unknown. However, the location of these 2 large magnetic
targets suggest they may be relics from past rock remova operations, or rdics from drilling
activities conducted on behaf of the U.S. Navy in support of a proposed magnetic degaussing
fadility on Arch Rock (Subsurface Consultants, 1985).

The seismic survey over Arch Rock collected a grid of subbottom profiles oriented both north-
south and east-west. Figures 4-24 and 4-25 show the seismic record and interpreted cross-
sections over Arch Rock in perpendicular orientations.
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The following Figures and Charts present the interpreted results from the seismic survey over
Arch Rock:

Fgure 4-26 is an isopach map (scae 1'=200") contoured at 5' intervals that shows the
estimated thickness of unconsolidated sediment on and around Arch Rock. These
isopach contours are also presented in Appendix D as afull-size chart at scae
1"=100" (Chart D-4).

Figure 4-27 is a bedrock eevation map (scae 1'=200) referenced to MLLW. The
bedrock eevation map is contoured at 5' intervals and shows the estimated elevation
of the top of bedrock near Arch Rock. This bedrock elevation map is also presented
in Appendix D asafull-sze chart a scade 1'=100" (Chart D-5).

The surficid sediment layer rangesin thickness from 0-130' and increases rather uniformly in
thickness around the rock mass. However, in the northeast corner of the site the sediment
increases in thickness more rapidly where the bedrock is steep (Figure 4-26).

The elevation of the top of bedrock variesfrom devation -38' to -200' relativeto MLLW. The
bedrock drops off rapidly north and east of the rock mass and very graduad to the south and west
(Figure 4-27).

The seismic refraction velocity of the bedrock generdly varied from 10,400 to 11,000
feet/second. However, of the four refraction measurements taken over Arch Rock, one had a
lower vaue of 9,300 feet/second. Thislower velocity, located in the center of three replicate
shots oriented toward the southwest over the Rock, suggests localized fracturing of the bedrock.

TABLE 4-4: Compressiond Ve ocities Recorded by the Seismic Refraction Survey at Arch
Rock on 2-5 October 2000.

Array Eading Northing Veocity (ft/sec)
Al 6,001,195 2,130,321 10,400
A2 6,001,482 2,130,253 10,650
A3 6,001,281 2,130,177 9,300
A4 6,001,071 2,130,033 11,000

4.5 GOLDEN GATE MOUND

This marine geophysica investigation mapped a unique underwater geologica feature located
approximately 0.5 mileswest of Shag Rocks and 1.5 miles east of the Golden Gate. Nautical
Chart No. 18649 showsthe area to be above elevation -50' MLLW.

Informally caled "Unnamed Rock" in the padt, this Report proposes the name "Golden Gate
Mound" as more appropriate. The geologic nature of the two ridge-like featuresis unknown, but
they are possbly semi-consolidated sedimentary features or underwater sand dunes.

The following Figures and Charts present the results from the hydrographic survey:

Figure 4-28: bathymetric chart of Golden Gate Mound, contoured at 5' intervals and
plotted at scale 1"=200

Figure 4-29: 3-dimensiond perspectives of Golden Gate Mound as viewed from above,
from the north, and from the south.
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Chart E-1.in Appendix E: one bathymetric contour chart and three 3-dimensond views
of Golden Gate Mound as imaged from above, the north and the south are presented at
scale 1'=100.

Chart E-2.in Appendix E: abathymetric contour chart at scde: 1'=50' showing
soundingsina 10 x 10 square grid directly over Golden Gate Mound.

The bathymetric feature that this Report calls Golden Gate Mound is a pair of steep, sharply
pointed, parallel ridges oriented towards the northwest. The two ridges rise about 30" above the
surrounding seafloor, and the western ridge is higher than the eastern ridge by about 4. The
western ridge rises to an eevation of about -55' MLLW (-55.2' with multibeam and -54.8 with
sngle-beam in same area). 1n between the two ridges is atrough that extends down to eevation
-86' MLLW at the southeast end, -82' MLLW on the northwest end, and - 75 MLLW in the
middle.

The two ridges come together sharply at the southeast end to form a single ridge dong the 70
depth contour. To the northwest, the ridges end without connecting. The deepest area surveyed
isthe north corner of the Ste at eevation -95' MLLW.

In Appendix E, Chart E-3 shows the Sde-scan sonar records presented as amosaic at scale
1"=100. The sde scan mosaics show ardatively featureless seafloor at Golden Gate Mound,
except for the top of the ridges and nearby sand waves. The compasition of Golden Gate Mound
isunknown, but afeatureless seefloor is usudly indicative of fine-grained sediment. Large
amplitude sand waves are visble in the northwest corner of the survey area, which isindicaive

of coarse-grained sediments. Smdll-amplitude sand waves are visible climbing the west dope of
the eastern ridge of Golden Gate Mound.

The results from the magnetometer survey at Golden Gate Mound (Figure 4-30) found no
sgnificant anomalies.

The seigmic survey reveded two prominent ridge-like fegtures oriented northwest to southesst.
Figures 4-31 and 4-32 are representative seismic cross-sections across the two ridges. Severa
flatlying reflectors occur on the reflection records benesth the two ridges, which impliesthat the
ridges are not bedrock.

Interpretation of the seismic records resulted in the following Figures and Charts:

Figure 4-33 is an isopach map (scale 1'=200") contoured at 5' intervals that shows the
estimated thickness of unconsolidated sediment on and around Golden Gate Mound.
These isopach contours are aso presented in Appendix E asafull-size chart at scde
1"=100" (Chart E-4).

Figure 4-34 is a bedrock eevation map (scae 1'=200) referenced to MLLW. The
bedrock elevation map is contoured a 5' intervals and shows the estimated eevation
of the top of bedrock near Golden Gate Mound. This bedrock eevation map isaso
presented in Appendix E as afull-size chart at scde 1'=100" (Chart E-5).

In addition to the grid of ssismic survey lines over Golden Gate Mound, along subbottom profile
was collected from this site to Arch Rock in order to confirm that the deepest reflector on the
seismic records is the top of bedrock. The top of bedrock under Golden Gate Mound rangesin
eevaion from -135' to over -300' MLLW (Figure 4-34).
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The seiamic refraction survey a Golden Gate Mound used alonger hydrophone array than at the
other stes. A longer hydrophone obtains deeper refraction data, and using alonger hydrophone
can determine if one of the subsurface, horizontd reflectorsis the top of bedrock. Thislonger
array should detect the high velocity bedrock to a maximum subsurface depth of approximately
100. However, the refraction data from both the long and short array indicated a compressiona
velocity of 5,000 to 5,100 feet/second (Table 4-5), which istypica for saturated marine
sediment. Hence, no bedrock was found within 100 of the seabed.

An attempt to obtain a refraction velocity aong the ridge-like structure yilded smilar velocity
values (5,000 feet/second). This suggests that these structures are not rock, but possibly
underwater sand dunes. However, the ridge-like features are quite narrow making it very
difficult to obtain data dong their primary axis. It is quite possble that the values obtained
during the seismic refraction survey represent the velocity of the marine sediment on the seafloor
and not within the narrow ridge in question.

TABLE 4-5: Compressiond Vel ocities Recorded by the Seismic Refraction Survey at Golden

Gate Mound on 2-5 October 2000.

Array Eading Northing Velocity (ft/sec) Comments
Gl 5,998,386' 2,130,475’ 5,000 Sediment
G2 5,998,639 2,130,486 5,100 Sediment
G3 5998,912° 2,130,501 5,000 Sediment
4 5,998,562 2,130,214 5,100 Sediment
G5 5,998,887" 2,130,213 5,000 Sediment
G6 5,998,682 2,130,035 5,000 Sediment
G7 5,999,039 2,129,782 5,100 Sediment

5. CONCLUSIONS

Thefull-gze charts contained within this Report present the results from the marine geophysica
investigation in support of the San Francisco Bay Rocks Remova Project. This section
summarizes the conclusions reached by reviewing the charts and data contained within this

Report:

> Based on arigorous QA/QC plan that controlled, assessed and measured the quality of data
collected, it is concluded that the data contained within this Report is suitably accurate for
utilization in planning the future geotechnica programs related to the Rocks Remova
Project. The bedrock eevation contour charts contained within this Report should be
reviewed, and amended if necessary, after completion of the future geotechnica program.

» Blossom Rock, Arch Rock, Harding Rock, and Shag Rocks rise above eevation —40' MLLW
and are potential hazards to deep draft shipping.

> Four of the five Sites surveyed are exposed rock masses that rise above the unconsolidated
sediments on the seafloor of Central San Francisco Bay. The Sde-scan sonar clearly shows
exposed bedrock at each of these four sites (Harding, Shag, Arch and Blossom Rocks). The
seigmic reflection survey shows a maximum subsurface penetration of gpproximeately 180
bel ow the seabed and clearly identifies the top of bedrock. The seismic reflection survey



shows the bedrock rising from the unconsolidated sediments, but was not able to penetrate
the rock masses. The saiamic refraction data indicates that the compressiona veocity for
these rock masses is approximately 10,500 feet/second, which isindicative of tight, strong
rock. Further, the compressiona velocity a Harding Rock, Shag Rocks, Arch Rock, and
Blossom Rock infer that: 1) these rocks may have smilar properties and 2) these rocks can
not be removed using conventiona dredging equipment.

Pockets of unconsolidated sediments are present on top and/or dong the flanks of Harding
Rock, Shag Rocks, Arch Rock, and Blossom Rock. Coarse-grained sediment or rubble that
gppears on the seiamic reflection and side-scan records is the probable cause of severd lower
compressiona velocity vaues.

Previoudy called "Unnamed Rock™ informdly, this Report proposes the name "Golden Gate
Mound" for thefifth Steinvestigated. Golden Gate Mound is not arock mass, but probably
is a sami-consolidated sedimentary feature or underwater sand dune. The saismic reflection
survey shows no evidence of shalow bedrock within 60" of the seefloor. Selsmic refraction
over the twin ridges at Golden Gate Mound reved's a compressond velocity of
goproximately 5,100 feet/second, which is indicative of unconsolidated marine sediment.

The sde-scan sonar records show festurel ess dopes with no evidence of exposed rock.

At present, Golden Gate Mound is below eevation -55 MLLW and it is probably not a
hazard to navigation. In addition, Golden Gate Mound is hot arock mass. It istherefore
recommended that Golden Gate Mound be considered for deletion from any future
investigations in support of the San Francisco Bay Rock Remova Project.

Although Golden Gate Mound is not arock mass and presently is not a hazard to navigation,
there is evidence that the Mound may be a transent geologic feature that is subject to
changesin location, height and shape. The NOAA nautica chart #18649 shows Golden Gate
Mound had an eevation of -48 MLLW during the 1970's, and the 1998 USGS survey
showed the shape and location of Golden Gate Mound to be significantly different. For a
better understanding of the Mound morphology, it is recommended that: 1) sediment cores be
taken aong the twin ridges of Golden Gate Mound to assess the character and dredgability of
the sediments, and 2) hydrographic surveys be conducted periodically to monitor the changes
in the shape, size, and height of Golden Gate Mound. It is concelvable that the Size, shape,
and height of Golden Gate Mound may be controlled by thetida current flowing past

Harding Rock, Shag Rocks, and/or Arch Rock, and that removal of these rocks could have an
unknown impact on the Mound and sediment transport within the Bay.

Depressions near the base of the Rocks may indicate scouring of sediments caused by
currents.

Numerous pinnacles are present around Shag Rocks, and one pinnacle located east of the
Rock rises above dlevation -50' MLLW.

Numerous fish, ranging from schools of baitfish in the water column to larger fish near the
rocky bottom, occasondly interfered with the Sde-scan sonar and hydrographic surveys.

Marine vegetation growing on the Rocks was typicaly not visble on the sonar records, but
marine vegetation may be possible on the rocky subdtrate.



» TheNOAA tide gauge located at the Presidio provides water surface elevation for Central
San Francisco Bay viathe Internet. The NOAA  tide gauge can provide accurate tidal
information for the San Francisco Bay Rocks Remova Project only during periods of negp
tides when there is minima change in water surface eevation across San Francisco Bay.

This study documents that hydrographic surveys over the 5 offshore sitesin Central San
Francisco Bay can be accurate using the NOAA tide gauge, but only during periods of neap
tides. Hydrographic surveys at the offshore sites should not be conducted during periods
when tides change more than 3-4' between high and low tide, because NOAA's tide data may
be incorrect for the offshore sitesby 1' or more.

»  Severa magnetometer and Side-scan sonar targets are on or near most Rocks, and an
archaeologist should investigate these targets before the beginning of rock removal activities.
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